ABSTRACT In rat uterus and human breast cancer MCF-7 cell cytosol, the antiestrogens tamoxifen (Tam) and 4-hydroxytamoxifen (OH-Tam) bind to "antiestrogen binding sites" (ABS), which do not bind estradiol (E). Demonstrated in total cytosol by binding studies with radioactive antiestrogens in the presence of a large concentrationlof E, ABS can be physically separated from E-binding estrogen receptor (ER) by removing the latter with an E-containing bioaffinity adsorbent or with heparin-Sepharose gel. ABS concentration is 10-20% gland Nuclear; 17,21-dimethyl-19-nor-4,9-pregna-4,9-diene-3,20-dione) were used. Unlabeled steroids were from Steraloids and Roussel-Uclaf. Tam and OH-Tam were gifts from Imperial Chemical Industries, and CI 628 and nafoxidine-a-(4-pyrrolidinoethoxy)phenyl-4-methoxy-a-nitrostilbene] and 1-{2-[p-(3,4-dihydro-6-methoxy-2-phenyl-1-naphthyl)phenoxy]-ethyl}pyrrolidine-were gifts from Parke, Davis and Upjohn, respectively.
antiestrogens compete against Tam for binding to ABS, contrary to steroid hormones. Sucrose gradient ultracentrifugation analyses of total cytosol and of affinity gel effluents show a heterogenous pattern of ABS from 10 to 40 S, unchanged by 0.4 M KCI and limited trypsinization (which however provoke transitions of ER from 8S to 4S forms) and by 20 mM molybdate (which. stabilizes the 8S form of ER and prevents large aggregates). Preliminary results suggest that ABS may be associated with particulate components of the cell. RTx6 cells of a clone selected from MCF-7 cells for resistance to the antigrowth effect of Tam have ER in the same concentration and have similar affinity for E and antiestrogens as do unselected MCF-7 cells. However, RTx6 cells have virtually no ABS detectable by binding and gradient ultracentrifugation studies. It is proposed that the double binding of Tam and OH-Tam to ER and ABS in estrogen target cells may be related to the complex double series of estrogenic and "antiestrogenic" activities displayed by nonsteroidal triphenylethylene derivatives.
Ideally antiestrogens abolish selectively all estrogen effects while provoking no estrogenic response. The simplest mechanism includes their binding to the estrogen receptor (ER), preventing estrogens from binding to this receptor. In several estrogensensitive systems, nonsteroidal antiestrogens of the triphenylethylene series, such as tamoxifen [Tam; trans-(p-dimethylaminoethoxyphenyl)-1,2-diphenyl-but--1-ene] and 4-hydroxytamoxifen (OH-Tam), display concomitantly antiestradiol properties (mostly on cell growth) and estrogenic activities [as increased progesterone receptor (PR) synthesis] (reviewed in ref. 1) . Different explanations may account for these results. Triphenylethylene derivatives bind to ER in an apparently competitive manner with estradiol (E) (2) (3) (4) (5) , but this does not exclude mediation of some of theireffects by a second "receptor." In fact, Sutherland et aL have described high-affinity binding for triphenylethylene antiestrogens that is not in competition with E binding (6, 7) . Therefore, their work suggested "antiestrogen binding sites."
Using affinity chromatography, we could separate from ER the ABS detected in the rat uterus (8) Cell Fractionation. One ml of packed cells were resuspended in 1 ml of TD buffer and sonicated twice with a SCMA Pons machine, type 20 200 SV, at setting 1.25 W for 5 sec each with a 30-sec interval for cooling. The homogenate was adjusted to 0.4 M KCI (except for PR studies) and centrifuged at 105,000 X g for 60 min. The cytosol (supernatant) contained -5 mg of protein per ml. The pellet was washed twice in TD buffer and then resuspended by using a teflon/glass homogenizer in 1-2 ml of TD buffer containing 20% stripped calf serum.
Adsorbents of ER. Two adsorbents were used. The biospecific agarose adsorbent contained E branched at the 7a position [E-7a-(CH2)lo-CO-NH(CH2)2-NH-agarose, containing -50 ,IM hormone (11)]. Possible contamination of eluates by released ligand was assayed (11) . The heparin-Sepharose CL-6B gel was used also (12) . Cytosol was incubated batchwise with resins under mild agitation at 40C for 3 hr. The adsorbent and the cytosol were then separated by filtration.
Binding Studies. (14) with the correction of Rosenthal (15) and least-squares regression analysis. For the determination of the cytosol PR, the protein sulfate precipitation technique and high-affinity progestin 3H-labeled R5020 were used (16) .
In particulate fractions, the suspension was carefully deposited at the center of the wet filter (Millipore), and washing was repeated twice with 500 ,u1 of TD buffer containing 20% charcoal-treated serum and once with 3 ml of TD buffer alone. OH-[3H]Tam bound to the nuclear suspension was extracted with 1 ml of ethanol at room temperature for 1 hr.
Sucrose Gradient Analysis. Samples (200 Al), after a short treatment with dextran-coated charcoal, were layered on 5 ml of a 10-34% sucrose gradient in TD buffer, in TD buffer containing 20 mM sodium molybdate (Mo/TD buffer), or Mo/TD buffer containing 0.4 M KC1. Gradients were centrifuged in a SW 50 rotor (Beckman) at 148,000 x g for 7 hr at 40C. Successive two-drop fractions were collected by piercing the bottom of each tube, and the radioactivity was measured. 14C-Labeled bovine serum albumin (4.6 S) and iron-free ferritin (17.1 S) were used as internal and external markers (17) .
Protein Measurements. Protein was determined (18) (Fig. lb) . ABS were recovered quantitatively, as compared to total cytosol (not shown). Conversely, only =5% of the original ER concentration was detected in the effluent, and it was determined that no contaminating ligand was released from the adsorbent (which could obliterate ER measurement). The same experimental design was used with the heparinSepharose column, which also is known to retain ER (12) (Fig.  ic) . Again were the same in the effluent as in the original cytosol. However, =15% of the ER was found in the column effluents.
These experiments indicated that ABS can be separated from ER on the basis of a lack of affinity for specific adsorbents.
Sucrose gradient evidenceforABS in crude cytosol and after removal of ER (20, 21) . After molybdate treatment (Fig. 2b) no heavier complexes were observed. After mild trypsinization (Fig. 2c) , the expected 4S peak was seen (20, 21) with some residual heavier complexes but no radioactivity at the bottom of the tube. When [3H]Tam at a subsaturating concentration was added to a subsaturating concentration of [3H]E, the heterogeneous 10S-40S labeled fraction increased in crude cytosol (Fig. 2a) . This fraction was still clearly distinct in molybdate- (Fig.  3) . Equal volumes of RTx6 cytosol and MCF-7 cytosol were mixed; a reduction by half of the MCF-7 concentration of ABS was observed, suggesting that lack of ABS in RTx6 is not due to altering or masking factor.
Gradient sedimentation studies. In MCF-7 cytosol, OH-[3H]-Tam binding was found in the 10S-40S region and was not in competition with 1 /iM E (Fig. 4a) . In the KCl-containing medium, ER was seen at the 4S position (21 We have physically separated ABS from ER by several means-namely, biospecific affinity adsorbent, heparin affinity column, and sedimentation velocity. Other tests discriminated also between ER and ABS. There was no effect of high ionic strength medium on ABS sedimentation pattern, whereas ER is sensitive to it. Molybdate (20 mM) did not change the dispersed pattern of ABS. Limited trypsinization of cytosol had no effect on ABS sedimentation under conditions able to yield 4S ER from most of its aggregates. All of these maneuvers did not modify the ABS number of sites as well. ABS also was relatively thermoresistant. However, enzymatic studies suggested that it is proteinaceous. It was essentially concluded that ABS is not a particular form of ER. Further studies with antibodies against ER (29, 30) may provide useful complementary information.
The cellular distribution of ABS remained uncertain. The decrease of ABS concentration in the cytosol by modifying the homogenization procedure and the polydispersed 1OS-40S pattern of sedimentation favored the possibility that ABS would be detached from a cellular structure, for instance membrane, during the homogenization process. Recently, similar ABS were observed in the microsomal fraction of various tissues. § The 
